METHOD FOR MEASURING FLUID VELOCITY 
BY MEAStiRING THE DOPPLER FREQUENCY 
SHIFT OF MICROWAVE SIGNALS 



TECHNICAL FIELD 

This invention relates to a method for rocasuring fluid 
flow uid raore particuiarly lo a non-invasivc method 
for mcasunng the velocity of a ttuid surface that can be 
coupled wiih a depth measurement to deiermine the 
flow rate of the fluid. 

BACKGROUND ART 
Conventional fluid flow measurement devices such as 
described m US. Pat Nos. 4,397. m; 4,2n,TT7; 
4.20171 1; tad 3,498.290 use ultrasonic techniques for 
measuring fluid flow. The 4.397J94 patent discloses an 
uicrasonic flow meter whcrwn an acoustic pulse is trans- 
mitted by one transducer and propagated to the fluid at 
an angle to the longitudinal flow axis and reoetved by ^ 
another transducer. The time delay diflerence between 
the upstream and downstream transit tunes which de- 
pends on full velocity was determined to provide a flow 
rate reading. 

The 4.2*17,777 patent discloses a sonic detector hav- ^ 
tag a head which is positionable at different distances 
frora the base of a channel and provides dau signals 
corresponding to the transit time for sonic signals be* 
tween the top of the liquid in the head, which signals are 
variable with the level of the liquid in the channel. A » 
liquid velocity detector provides dau signals which 
vary with the velocity of the liquid flowing through an 
area is the channel. 

The 4.202.211 patent discloses a non-invasive system 
for measuring liquid flow through channeU. The system 3> 
utilizes an ultrasonic Doppler velocity detector which 
is positionable in a space below the chaane! and pro- 
vides data signals which vary with the velocity of the 
Uquid flow through an area in the channel The system 
also utilizes a unit which re^ods to the vtriaWe data 40 
signals and the constant dau signals to provide an out* 
put representing the flow through the channel in tenrn 
of the product of the area of the cross-sectional profile 
of the channel through which the fluid o flowing and 
the velocity of the fluid. 45 

The 3.498^90 patent discloses a voJumetfJC blood 
(low meter in which a first transducer locates and mea- 
sures the diameter of a vessel and a second transducer 
detertnines the velocity of blood in the vessel by Dop- 
pler frequency shift techniques. This flow meter mea* su 
sores votusoetnc blood flow to an uxidiuorbed vessel of 
a patient from the surfaces of his body. 

U.S. Pat No. 4.254.4S2 disciosci the use of sonic 
signals for measunng the flow rate and liquid level of a 
fluid flowing in a channel. An echo location system 51 
operates to detect returns of reflected sonic signals from 
the sorfjice of the liquid in a chMtuiel during successive 
transmissioa cycles. 

Another, more accurate, technique for meaauxing 
fluid flow is accomplished through the invasive use of M 
microwave radiation. 

U.S. Pat No. 4.167,736 discloses a method of using 
microwave radiation and Doppler frequency shift tech- 
niques to measure fluid flow. This is accomplished by 
generatiag a microwave frequency electrical signal (S 
passing the ^gai^ to an aerial for radiation into the fluid, 
detecting the radiated signal after reflection by the 
fluid, detenaining from the radiated and reflected sig- 
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naJs the Doppler frequency shift m between u a mea- 
sure of ihe nuid flow rate. This type of momtonng i$ 
done through obtrusive contact with the fluid. 
Although the U4e of microwave radiation u useful u 
5 an accurate measurement tool, the invasive nature of 
the method and equipment makes its use for coniami- 
nant*laden fluids, such u circuiatmg machine tool coot- 
ant, undesirable. Such equipment becomei rapidly 
coated with contaminant and the tccancy of the mea* 
suremenu is eliminated. 

DISCLOSURE OF THE INVENTION 
An object of the present invention is to provide an 
unproved non*mvasjve method for measuring the ve* 
1^ locity of fluid surface flowuig in a cbaoncl or flume. 
Another object of the present uveatioa is to provide 
a non*mvasive method for tnetsuring the velodty of 
fluid surface that utilizes radar techitclogy. 

Still another object of the present inventioa is to 
provide an improved non-mvasive method for measur* 
uig the flow rate of a fluid flowing in a eh«nn H or 
flume. 

In carrying out the above objecu and other objecu of 

2 the invention.' the noa*ittvtaivc method for meaauring 
the velocity of fluid surface flowing m a predetermined 
direction in a channel or flume includes the steps of 
generating a microwave frequency electrical signal 
/ adapted to reflect from the fluid surface; spacsng the 

3(^eneration of the electrical signal from the fluid surface; 
directing the signal along a line toward the fluid surface 
and opposite the predetermined directioa at an angle of 
between 30 and 40 degrees to the fluid surface; detect- 
ing the signal reflected from the fluid surface; and deter- 

35 mining from the directed and reflected signal the Dop- 
pler frequency shift therebetween as a measure of the 
velocity of the fluid surface. 

In an altemativt embodiment of the invention, the 
steps outlined for oeasuiing the vdodty of fluid surface 

40 flowing in a predetermined dlrectitm in a channd or 
flume are combined with the steps of measttrinf the 
depth of the fluid in the channel or fluse; and deterraxn* 
ing from the velocity of the fluid surface and the depth 
of the fluid in the channel or flume, the flow rate of the 

45 flukl. Preferably, the depth ffleasuremem is ultnsoni* 
caUy obtained. 

The ultrasonic depth measurement includes the steps 
of generatinf an ultrasonic signal adapted to reflect 
from the fluid surface; spacing the generation of the 

SI) ultrasonic signal a predetermined distance above the 
channel or flume bonom; directing the ultrasonic signal 
downwardly at the fluid surface; detecting the ultra* 
sonic signal reflected from the fluid surface; and deter- 
mining from the reflected ultrasonic signal the differ* 

55 ence in length between the channel or flume bottom and 
the fluid surface asa measure of the depth of the fluid in 
the channel or flume. 

The above object and other objects, feature., and 
advaauges of the present invention are readily apparent 
from the following detailed description ofthe best mode 
for carrying out the invention when taJten in eofwection 
with the accofflpanyuig drawings. 

BRIEF DESCRIFHON OF THE DRAWINGS 

6S FIG. 1 is a perspective view of a channel or flume 
having a liquid flowing in a predetermued direction 
therein illustrating a radar vclodty sensor etounied 
fKAve ih^ rtiiiH nyrfnct and directing a fignn) alAwp 
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line toward ihc fluid surface and opposite the prcdcter- 
mined direction to be used in determining from the 
directed and reflected signal the veJocity of the flui<t 
surface. 

BEST MODE FOR CARRYING OUT THE * 
INVENTION 

Referring to RO, I of the drawings, an environment 
is illustrated for providing an improved non-invasivt: 
method for measuring the velocity of fluid surface flow • 10 
mg in a prcdeiennxned direction in a channel or flume 
10. This non-invasive method uiilircs radar technology* 
and avoids equipment problems associated with the: 
emersion of radar equipment into contaminated fluids. 
This non*invasive radar method of detennining velocity 
can be combined with non-invasive ultrasonic deptli 
measuring techniques to determine flow rate. 

As shown in FIQ. 1, a radar velocity sensor 12 b 
mouttted'abovc the fluid surface of the fluid flowing m 
channel or flume 10. A suiuble radar velocity sensor is ^ 
that known as DjR VS II sensor suppUcd by the Dickey • 
John (g) Corporation of Auburn, in The radar velocity 
sensor 12 is mounted above the fluid surface such that n 
microwave frequency electrical signal adapted to re- 
flect from the fluid surface and generated by the radar ^ 
velocity sensor is directed along a line, Tt(tmd to aa L, 
at an angle A of between 30* and 40* to the fluid sur- 
face. 

Preferably, the spacing of the radar vclodty sensor 12 „ 
is between 18 and 48 inches above the fluid surface. The 
spacing is arranged so that the directed signal L has ati 
unobstructed cone*shaped view of the fluid surface. 

The microwave frequency electrical signal generated 
.by the radar velocity sensor 12 is reflected from the: j, 
fluid surface and the velocity of fluid surface ts deter- 
mined by the Doppler frequency shift between the di* 
rectcd and reflected signal 

Such a non-invasive arrangetnent avoids the collec* 
tion of fluid contaminants associated with fluid intrusivi: ^ 
devices. 

In an alternative arrangement of the invention, the 
flow rate of the fluid flowing in channel or flume 10 it 
determinable. An ultrasonic depth measurement system 
l$is used to calculate the depth of the fluid in the chan* 45 
nel or flume 10. of which we know the cross*sectional 
shape. By multiplying the area of the cross-sectionat 
proflle of the fluid umes iu surface velocity, we can 
obtain the flow rate of the fluid 

With further reference to FIG. 1. an ultrasonic deptli 50 
sensor 18 is mounted above the channel or flume bottom 
20 and above the fluid surface. A suiuble ultrasonic 
depth sensor is that known as Agasttg ultrasonic proa* 
umty sensor supplied by Electro Corp. of Sarasota. Fla. 
The depth sensor 18 generates an ultrasonic signal, ss 
referred to as L'. adapted to reflect from the fluid sur- 
face. The ultrasonic signal V is direaed downwardly at 
the fluid surface and upon striking the fluid surface n 
reflected upwardly. The depth of the fluid in the chan- 
nel or flume 10 is determined from the difference to the «o 
length of the signal reflected from the fluid surface awl 
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that of a signal rcHccted from the channel or Hurre 
boiiom 20. 

the best mode for carrying out the invention 
h« besn descnbed m detail, those familiar with the art 
to which this invention fciires wdi recognize vanow 
aJtcmatjve designs and etnbodimenij for practicing me 
mvenijon as defined by (he following ^Im,^^ 



